AMPLIFIERS CIRCUITS *l *l*fl J a 



-: ^IlL^/VJ 



Jjv^-sH (j^j **y^ (J^aI! SjLilj ljzjxjj I^Jaj jIj^II dsULnll jl djLajLt^ll C5 lo ^j 






. SjUV! t^lfc] ^Jill A^£j ^Lo^l jjp SjjI^II cdlj pjL ^J ^UjSII SjjL* 1*jIc 




^ » » » » 



\*l*c /' " r " - "' ** * 



^ QA L J. ^ Q j W >-> i ^ 







A F AMPLIFIERS ( J.hKUtt ) Vuu^i *bJj3» cAjfi* \ 

d^<4 20 J] ^/j 10 c>U±j 

R F AMPLIFIERS (i^JljSI ^b^!)AJU21 ^l^jSSI ^Ij^r t 
VF AMPLIFIERS ( tej* CjIjA* ) <j^> <$ jjjj jUaj £i)j *1j£* r 

£y* \±u AjuJ J c3^^ <^ IaJJj3 jniVn ^^jI CjI jLiVI Jjffi' J-^iujujj ^^n) CjI jj£^JI <^Aj 
. Ajj^II SjLiVI CjI^Ax J!La CjI^JjojI £y* ^H^-C- "^^ ^C* i><S* 1 * 1 Jj Ajjla^ajI CjIjJjSjI 




-: S uLaJI *UuiJ! p 4j u<.ia Cj) uIaII * Ll^j -cj 

*^s ** 1 ^ w^ — * - » ^» •* *_ 

: PRE . AMPLIFIER ^illLI jA* -1 



* 



^Uaij SJIC* (J^aj j^^ll I^Aj 4Lal£ SjLuiVl A-^.^aJ j-ii^JJI (JJ^J (J I -L^)juj /J^ Cjl^a 

CLASS A 

^ qa J£ jjjSj Jc tlbj J^u cj! jA^ll t> ^ jsll IIaj :DRIVER jaU jA* -2 

aUaL (J-**^ S^lC'j J.^ A " *^-^ JJ^* 1 ^ J^' J^ Al ' ^^^"'"'^ ' /-"^ SjLjjYI JUJ jl 

J ^^ L3V ^> Sj^l^l! a gjT , hll cjI jUVI o^^j ^ikLoL) V jjLJI liA CLASS A 

^JjIj&jI j^-g aLs -iaj^j S^lcrj L-LoiLLa ^jjjolc diij (J^j Sjuil ^Jl a^L^j (jj jjjaj^-ui 

PRE AMPLIFIER 

: POWER AMPLIFIER >jM j£a -3 

^Ic (_£j1uia CjI J CjI jLuij ^j 4»U^a]| 6 1a <J^"^ -^J^ t — > ^ J.^^H 4_jj1^jj| Al^j-ftll ^^Aj 

JaJjJ d^lxi 6j>i£i! ^)A>o ?T ,J^> Ul ,J^Uj| J.^ <U^)>g 7T J^ t^£- AI^^aII d^A -iaJJJ fi^lc-j 

Ajjj^alj CJb^Jiil Jjfli JJ^-ail OJ^ ^^ LS* j£^ A^Ujoj Ullfi- jj£j (j'^\ (J*aJ! J& 

Jaxjj . L-O^JIj ai^l *Uaij lW^ l£^ CLASS B ( <— 1 ) >UaJ J^aII a.^Vinn USlc-j 

. SjUVl Sj^a ^aj ijc. 6j31\ ji& aI^j* 



: /Jtj CjIjAaII Jjt nnl <-^>« ^juji ^J^ 

: CLASS A ( I ) cii^ j^ \ 



U fi ^-i mjj (I 1-2) J^^ l^ ( 360 ) Wl«l^ <K!^I a^j^I c-ii^JI liA jAj c! 



11 



. &j£A JjVl j^SSM Ja.lj- ^ OU! 

: CLASS B ( cj ) ciiua j£x t 
( t-j 1 - 2 ) J^iSU US *kU s^jJ! (180 ) a^^I ( ^ > ^ '^ < ai L ^l l l^j^cV 



: CLASS A -B ( c^ i ) cil^ jfi*- T 

C £■ £ 

^iillj L-jiaJ! ^UaL SjiiSI Cj!j£* ^i fWimjj ( ^1 - 2 ) JLSL l& ( ' 360 c> jtfj 



<jr^ 



M 



: CLASS C (^) cii^ jjLt £ 



^ll^j ^Lk JIAj Ajjj^I J\ lJ^JW ^^loiJj ( J 1 - 2 ) J^L> L£ 4 . apll <UJ 



Class A i 



♦ ♦ 



Class B s 



♦ ♦ 



Class A.B^J 



♦ ♦ 









I .Hawaii Jjl>> 



Class C £ 



♦ ♦ 







360 





180 




180 





( 1-2) jii 



'0* JS1 
180 



• j^^li S^j^. diil^j 
2 4 J* J SjJ Pj J d^ (dB) Ji**p P 2 /Pl jl 10 = Sj^I! Lui - 1 

£j±l\ ^ V 2 4 cMI ^ Vi J ^V J^ V 2 /Vi jl 20 = Jf*lt uu^ - M 

SjLil jU I 2 4 lMI SjLSJ jUS Ii jl ^ Jf-P I 2 / Ii jl 20 = jUll uu-S - z 



6 



J^p 



J^ 



£ 



li-a 



E >D 



IILul* Akb lU^ J j£*M ^j^mj ^ill jjjill jLLu jAj : ^JJjjJI JjUaltt o^ajfr -2 

* 



JjaljJ (J.AC. aJJ ,-la. CIsIjuLclaIi (ilL 



Aj^j 



^jjj :(zi,zo) gj^lj J^tft <> J* 4juU* "5 



. ji^^ll jl j^Ldj jj^Mi A^joij / 5 ^C' J£^ (J-* ^-j ^ jj^rtU 



+v 



Ri 



R 



T 



cc 



R 




R 




C 



E 





-0 



(2-2) Jti 



j jJjoj^j) jyu u c>a*j hjnii ^JjjJ^JI ^)&a SjJl^ S*l^.lj 4±^.^)x (jC* £j^£- ( 2 ~~ 2) LP^i 






lLli^ 4j^>^ (JJ^J ^^^ (J^^jI SjLujV /-^.j-ojI (J^juu! J^3 C5"^ JLaJJU j 4-lLxk]! Cljl J^^ll 



zLjjga a iM *! teg l> tl »^ J * : 6gg 

^Jl SjSb ^i jU! jLnll ^i r Wn ( Social - ^2ull ) Sj3b ^i jUll jUIl jl 

jjI^jjI Jill <j^lj^ <> J^ ijc* ±*Zju jlpJVI A%jia (iH^j jUllj ^?JI <^ jLn^lj 

S^& *l*.JJj . ( S^liO! — *-A2k^ll ) Alx^J c ^1c ^nfe jUajlj ( S^Ull 



^J^xi 4 q h-s ^ 






Self Bias ^lill jUuVI - 



Fixed Bias ^\51l jUuVI -\ 

P.N. 



R 



i 



♦fY 



cc 



R 



L 



JUfl 




N.P.N 



SJ^I 



R 



3 








(4-2 



)JS^ 



(3-2 



) JLS 



qa (j£ J4^J' t^£- (JjL^^J W^J ^JM-*^-* a^C'la SjjI^J A hun.fi Aij^)Ja (Jjjj I 3 ~ 2 ) lA^ 



4 yb ^ V CC 6^.1 j AjjUaJ J* ( S^Ull — AjUI ) ^Ax-ajj ( S^C-lall a^-JI ) <L-aj 



I^JIJ *_A 






SjUc ^r^-J-all cs - ^^ j^aJVI ^-^ JJ%J ^JJ^^ ^-^ .sLaa IfraJI 11a j Rl 4_ajLLJ1 

Rl ^ujUull J>U j^JIj Vcc ^^J! jUjVI ^ <j£ Jjill jc 



^ . * 



^kaUJi ijTi^j SjSU <4fc ^ <3l il . ^JLUI ^11 SjSb ^i S^till jU^jV a^j* 



SJj^.^]| Cjli^ytlkVI ^ij>»ii t^Hij dijlj jl^il eijj^ 






S^Ul! jliil AjjIj <Uu3 J& 



Sjl^^Jl 4-^.jJ Cjlj-jiu] j jIjuj^jI jAl AjjajLoL^Ji l^j p^J' c>^ O* J^J JJ^^'J^ (J£ 






•+v 



: Self bias ,JIJB jUaJfl ~m 

-V 



cc 



cc 




Ri 



R 



JUfl 



SJ^I 



jijiiR 



-V 




cc 



+ 



+V 



cc 



(5-2 



) JfLi 



(6-2) J^i 



^_« (5-2 ) L&illj <jSl iJI j(#>JVI (.Ijii-I (£-1 culiil jU=uVI s 



. ^a 



S^jjJLi^ Rl A^jHaII (JjL^ajj 4j3j ^Jj3jouJ1 A-jjIaI) 4Jaj^)laJ c><uu NPN jjlui^JljJ S^JlJ 



* * 






Rl ^.AjtLiil JvLa. AjILui Ajflik 4-ji*J JIajL <^J jl jaLujVI jJjoLaaj ajAJ ajjl^ll aJAj 

1 Lsk ^ JJ&A-J3I Jill 

±4*. JuJjS RL (J-*aJI A-ojlla J^U. Jj£L*ll ^jsJI jLa x «-\ «\\ Jin J3 I JJ qji&xWj Y 

^>Vlj AjjUaJI ^i ^lj S^&ISII ^i> o^ Ua^I R2 < Rl jtl*jli*ll Jl**U ^ 

jAj . Social! j » /v-v ^li ^jjj > u£c jl^ajl ^-a- Rl 4_ajIIa1I Q^lL. j^ laJ d u^. AjjUoiII 

xJiuJl ^jjj t-jjiH^H ^^LaVI jUaJVl ^a. R2 a-gjIIaII lP^- ^-^3 ^£ ^3."'* j^ 






R2 <LajtLJI Aa£ qa jj£I Rl 4_ajIIaH <Laii (jj^J <ill.il UamiJ j^-i-^a jAj . S^tfillj 

. UjjAJ CjjA 10 jl^AJ 

^kVi <-_^)Iallj ju^laII /^ijia (J£ Re A^jIIaII *_xiajj JLlJl^. ^)^U C_al\j jjIjjj^jIjp 



^■^N (jV L-LulLLo (jljjl dl^U >j£j <— Ua. jl^liall <-ajtL<J ^-XluiJj Q^J^U (JjufliLa 

jjill jA ( £,1*1! - S^ISII ) jU^Jlj ^UVI jUJVI ^ ^U^ R E A^jllJI ^ 
^ J*^J Re a^j\1* £* (j JjjII ^ Ce J j*VI <-&£* J^»jjj . jj-^I o£ 

. (^j^j ^^L jjjj (jSI )lg-Lo (^^>^.l (j^ljc ^^ic* IliLiiol j;u£j (^-^^ 4l^ 

*» 

R.C. coupling 1 ?&a\\j <aj\1A\ ^kwiljj Jajjll -I 

Trans . Coupling Jj^-JI Aluail jj Jajjll -c_j 

Directed Coupling j£Ld\ lujll -^ 



Ri 



C, 




R 



♦♦ 




c 



R 




C2 



R 



•fV 



cc 



R 




(7-2 ) JfLi 



AIj^Lj c^jjJLcJ! jljouJI Aij^)iaj {jjh^j^a N.P.N p jJ (j-a jjIuj^jIjj a^JjjjJj C ' 



isj 



♦♦ 1 ♦♦ 



TR1 






*Ljlu SjSl^L j^^j N. P . N ^j3 c> TR2 < TR1 jjiyja! jtfl -1 
jjLyijjl jsll SoftUl ^UVI jLaJVI j^>J ^ tsj** R2 * Rl jtUjliuIl -2 
. TR2 jjLyijjl JS1I s^cUl ^UVl jUuV! jjajsl R5 « R4 <jtlajtiJ dlttj 



J«*j TR1 jjfajA J& isjj^ JJ±M\ J* *M**& C2 « iVUlj R3 ^UjtU -3 

Jj ( cjUsIj^I ) jaiUI jluli jjy* ^ill C2 > frs J *laJjj ^ ^uVl jU^VI ^Ua 

. TR2 jji^ jjl Jill lM c^-^ jUjL C3 > £Uj R6 ^UjtLJ! <iilj£j . <>jVl 

^j l^> <> ,> jAJ\ c >il ^ d^ TR1 ji»- j3lj5li RL1 J^i ^jli. -4 



. Aii^ll ^ If] TR2 jjlu-jjl Jill RL2 JoaJI ^ujlla ^j£j + Vcc 
. TR2 s^oUll J] TR1 £^ ^A*]| jLpuVI J^j ^JtJ^L^ 
^j^la ( jc. TR1 jj1ui^jIj3jI 6^cli ^j Iaj;1j£j jjI^aII (J^.^11 &j^j j^^y^ f^~ ^ 

. %^m ^uVi jipjvi ^ ja«j ^k lU*^ ci < su 



^ J,^;g ^UVl JUuVI ^ j«2l Uaj g^ill jLu ^ j£S» ^ ^ 4+±u~ Y 

<jc <illij 180 J^aaj a^jII J l$J ^U^j J^J SjLiV ajLL* jA* ^j^ j^ 

. RL cJa^jI ^LajtLo fyjb 

o* [ TR2 jjs-jija sjftii ] yta ^k^i j^ ji ^vi Akjji E > jj^- r 

. jjj^Mi ^uLac Aifrl JaxJ c^llij C -Jajjil <■ ^^ (JWJ^ 3 
. S^)jaJ^joul (j^aA^L&Jlj ^jILuiaII (jJaikiAj! ^J^ju^ajl JJijJjl djj^^a ,-fl a^IjujJ - Y 

. Jju^al Aj^jj AjUIojI Jo Jj^^H- V 

» -^ » * 



Tl (Jj"s ^ 1) 4 hull jj 1 ^g in JaJJJl J^^ C5^^^ <■>* ^J^ ^H^ ^^'^ F-^Jl ( O — 2 ) LA^ 
<£jjlaj cdjljauill xAaj! A^JjlaJ Alu^^a N.P.N 6Jl^.lj jjUjujjjI jj S^)j|ji <l^j^ (J£ a.^Vu/ij 

. <4jLiJ ^1 aLjLj jX^^j N.P.N ^ j3 c> TR2 4 TR1 jjU >l js- ^ 




V 



cc 





£>» 



V 



cc 



(8-2) JiA 



6 



jcti JJ ^UVl jl^VI j*j£ *& tjj^ d^*i R2 i Rl jtUjUull- Y 



jjl^jjl jsll Ai^jll ^ jUjij R5 < R4 jtlajUJ ^j£j TR1 j^l-jj! Jill 

. TR2 

. sjuyi jsu^i j^b jc Ja*j C2 < asj- r 

TRl j jlui Jjl Jill c^Jj^' jljSlyiVI (jj'^*i Jc- (>^-a*j CI t_kj£^llj R3 ^jlLJl— t 

• TR2 JjiuJjjl JJIj AdjoUJU (J>uul 

£AZ>A £j± SjSb j^ ^l£ j£ Iljjj L >^L Jj^ Jc SjUc jA Tl Jajjll Jj^* 
(jl p^jj SjLujVI (Jju^jjj AjjujI aI^^a]! jjIjuj^j! jj SJlc^li (J^J Sjjjjj /JjVl AI^j^Ij 

Jj; AM ^ J^U! jLull ^ijj CjSjII ^ ^i aS\ V) ^Jl j^j Jj^J li* 



- o 



<il]Ji£j TR1 jjluijjljji! *<\-\ <\\ C5 juj£jl1I jU^jVI J^x-ajj ^^Ic Tl -^jll Jj^<J 

. aJ\\j!\ a1^.jaU Tl Jj^aII (J-oc ^jjiijj ajL T2 Jj^^l 

^i jj«j l^ic ^tiiiS TR1 j jiai^jl j!ajI o^cli (J^.Ji ^j IajjU^j ^I^aII 6jLiVl (_>-aj — ^ 






-: CjtjjAAJl 






- ^ 



^I^V! OU A^U. >^1 cdlij AjjILJI ^ ^i ^flll <li- Y 



* (3* J^ * 



» ^ « » — 

JjJaal Aj^^jj AjL^HjJ ^c Jjju^a^JI ^>jic — Y 



TRl 





TR2 



Ri 



R 




(9-2)j!Li 



. ^jlUI ^A\ aLjLj jl^^j N P N £ji c> TR2 4 TR1 jji-jal jsSI- ^ 
s^frlSl ^l&l jUaJVI ^ jjSjjj SjSIJ JJU Jc jl«u R2 < Rl jllojlU!- Y 

. TR1 jj^jjljill 

TR2 jjl^jjlji]! s^tfl ^UVl jUjVI <ii]j£j TR1 jjL-j3ljSll <Jr ^ C5 ^*ll 

. TR2 jjIoijjIjSII 



^jc (j^jtjii TR1 jjlui^jljiill s^itlS ^j SjjiU^ Iaj-uSj jI^JI <j^.^I SjLij jj^j- ) 

J^ J^x^Jl ^jjj TRl jji^i jjl Jill £a?^ is*^ J^Vi -^ J^n (&A ^±n- Y 



. UuM 4J3 J) ^j$3 CjUjU! Ala- ^ 

» ^>> — 



(IF AMPLIFIER )k- jU U jtfl jA« j^j (MIXER)iJliJI o* Jj~^ ^j» ^ 
A^liJI >jiiill jj! jj ^j . (DETECTOR )t-Lil£ll c&j ±***J^\ ujft j&* C& ^^j 



V «* 



Cj 1 



UL1I (jk 'Aj^"A\ CjjI jjjall L_llSll ^Viioljj .kjuijldl J J Jill Jj AiJu luuijldl J^Jill jAaj 



T2 



. Jja^l CjlaLa di^ 



** •• 






Uttdi^i 




vc 



r^ — 



A.V.C 



( 10-2) Ji^ 



-: Sjjbjt m4.j2 



. ^jiAa C-iCrU ^&A Sj^ju^a ^gk qAx^j* TR1 6 TR2 

(Tl JajujjlJI JJJjdll Jj^a Jjl J^J^ (JC- ) TR1 JjVl jjI^jjIj^II $^13 (jiij— Y 

Hjfi\ J^s^ (jJjjIjM t flLall (JWJ^ O^ )TR1 JjVl jjIojjj! jail S^frlS J] Jj^ajj— V 

s^i Jc <J^l^J] cillij (AVC) ^UjjVI cj^I -kjL^ Jai (JjVl -k^jl^l 
Jc J^^J] ^jVl cijkllj ajjIM c^jJI cijkll ^ j^^j Rel 



— o 



1^. (JiaJ ^Ji^ Sj-lilxJI SjLjjVI JJJ^JJ Cd lJq£-a]| Jj^ajJj L-JjlH^ll jLiaJVI 

<-*j^l cJWJ^ t> jj-^yhj^ <^^ j^VI ^^j (jJjA u^j SjSb o^ SjU^ 
Ce2 < fi£J J^jjj Re5 < R5 jtlajlU <> jj£* ^Ul sjSb jUjI ^aJ 

♦ d^ J^aJVl «^-a. (JiaJ ^la. dj;!*!^]! SjLiVl jJ^-aJJ 



T3 J^-*^ JajjJjldll JJj^ll Jj^-aI ^jIJlIjVI <— ilalL TR2 JjIuiJjIjjII » ^ a Jj-ajJ - V 

. i frniKlL Jj^ all ^jjIjII c aLJI Ju-ajjj 

j!j5JjujI (J-aCj l_iAjJj dij^A, xi-al C2 4 CI (j^j^A 3 (jc- ^-p^ 4jq\-s 4_j.1ju (JaC flj — A 
.^Ji Cab ^j LIUJI jl J^lJI ^j-o t> ^jlill ia^jlJI -Ujill Cjb SjUVI J^ - ^ 

d^JL J^jjj Tl JjVl ia^jUl jjjil! Jj^l ^IjSjVI ^iUM Cj / j dl 455 

^Lajlta s^&Ull SjM ^UVl jUaJVI ^ ^UjS jj^u Jc Sjl^VI <4fc c>u- Y 

. * ^ all d^pb ,-i *^)^- <1 .lajuiijLall -^j3jI db SjUuiVI ^JaJj (jL-^aiill j 
TR1 J jjjuijjl j!ill • ^ A <L<sjtLa (jjj 4_ajI^a (_>a*J f»J^ L?>^^^ L_aL<J! CjU] J^C ^j-a 

jUill j^ ^ J^u Jja^l bA J U£ 2 . uU ; Jl TR2 S^clS A^jlloj A^UJ! 

,,^11 {j^q-s U3^^ ^ ^ij"s 



^L^lj ^ill TR2 j^l-JjI jsll s^&U J) TR1 <> 4+fc& ij&Ji SjLiyi J^- t 



^ja. Ji^j llbjlj CI Jj*$\ ^&* &J^ CF- ^^ J) TR1 ^ja. (> <ija. JSjjj 



— o 



a^U a^ik aS^u J**] ^llij C2 J j-Vl ' ft<* ^> uc ^^ J\ TR2 ^> t> 



. \jjjS2 c^jIj jjj^iil J*^j jjjjl^jjl Jill 



UjVI (^ij j\ iajoijiLd JJjp (Jj^-^ Uj\ <^\ i^^-^J^^ dljj^aj! JajLJa Ja^. (JjL-ajj - 1 






V^JAAJt 



tl^LUi^ j^jji! ^jSb JaUjV *jU ^-.LaJI- ^ 



SjjI^jI Ifljtc* a^JlLii! ^^Aj J^Sa S^lj SjLiV 4^^- j£^ Ajjoij ^^ic Jj*^^\i— V 



.jua Aj ia ai*A L j3* a -3 



: L Jlg JJ jj J(jU lJL> 4Jaui).»j Jaj jit -i 




VCC + 



o Ub Cc 





vcc- 



( 11-2) J^ 



<Sjlc Sj^Lo qa c_iia j^ /Jlfi' ^jp (3^ c-ilx ^ Viinijj U-* Lc^-kjj *j :ia P.N.P 
U.H.F U^] jja cjl^jll! J VHF AjIUII Cibj Jill j^ SjSlJ ^Wi,.,* 
<> TR1 jjL-jjl Jill s^U J\ jLjlkVl SjSb (jjji> o& a!^A\ SjUVI lW- X 

S^U jjjjjI ^ tsj±*& Cp-^j R2,R1 jtiajliJ s^&lill SjSb ^ lU»jt r 
R3,R4 \&j .\tkkJti ?jti\ cJU! ^UVI jLpuVI ^h TR1 jjL-.j3l jtf! 

. TR2 jjL-jjl Jill 
J*a. ^^ic Re ^-ajliall J-wua Ce < fiLalij Re 3_ajLLJ1 xAaII Sjjb ^i Jj^ajj- £ 

JaxJj J jLuojjl Jill (JI^JlIuiI j! djjl^ll Sjl^pJI A^.j^ JJ;1XJ •iJC- CLulJ ,_-aLaVl jUaiVI 

db SjUiVl jj-«j c^^i Cc bijfl *■ fi^* Jwj^ 3 0^ TR1 jjImjjjI Jill ^ j^- ^Jf ^ 

TR2 J JiuijJI Jill SJcU ^Jj JJ^)-^! (j-« ^iaLAll ,^-n \\ /J-i^j sj/^il ^-jLatJI JJ Jill 

jc UjLjlkl *j jA\j tjjL*A\ a gjT , *\\ JUJ1 ju jil! dib <]^ll 6jUV! J^^- ^ 

. jaUJ d^JI ^jjL <> TR1 jjL-jsl Jill sj&IS J] jU^M Sj3b ^jL 



^J^Jj 1 g K nl (JJiiL SjUiVl &^A ^-laJj <AjLal]|j A^^ijj L_fiU^Vl ^ Inl^fc (jl fc^iVlllj 

tiill TR2 jjlu. jjl jsl! s^&U JJ JSl j J^ jllkJl ^ Jill cj| J 6J LiVl j^a 






SjJli ^)i£l (jlil <jJaikiAj| TR2 J jIjuj^JI joj! AjuLi^j 4-i]Ijl1! TR1 j jIjuj^jI jjII a a*\ a 

. JjuJI j JalUJI SjSb J] SjjLoI! j ^j*JI SjLiVI J^J 



R 



1 



t ^yJlg- jjjjj Jj^ AJOujIftJ jflj^l ~LJ 



R 



N 



c 



N 




c 



C e l 





vcc- 



TR2 







f 



R 



e2 



c 



e2 



(12-2 )jls 



VCC + 



-: S ^ m^.jj 






U H F yUJ! jja cjl^jll! JVHF U\*l\ cJmjtt j^ J SjWI 



<> TR1 jiS*-jjljSll S^ftU JJ jln^VI SjSb J^jL je. 3 Iff m Mi SjLiyi J^ _ t 

. l^LiJSl e j£UI <_AJI ^UV! jLpJVI ^h 
cjLS j ^JjaJI JJL&1 Cel t ^ Jj Rel V,tiJI ^11 Sj3b J J—jr £ 



*^a -LjJ^)* C2 jJlLoII JJJ^VI U^J^^ C2 J^ILJI I fi^rttij lajujjVI ^ijlallj 

J^ ^UiiUJl yL. ^ik aj^u^ RN A^j\Uij CN ei&J ^jL jc TR1 




♦V 



Jjilvi 



^jjL jc U jU^I ^ c pM j ^jloiJ! a gjT , bll ^jsll yi*]l Al^uJI SjUV! j*js- ^ 

. J^UJ vLaJI ^jjL <> TR1 jjiu.jiljill s^U Jl jUlkVI Sj3b 



I 1>>V 



( jL^ill J sjUjJL ^uVl jUjVI ^ ). s^ftUl! A^IL. <> SjLsyi >£- Y 



. * a*\ a\\ S^jjI^ /^i ^J^* ' g ^ Q**- 1 } SjuuiVl J£ J (^^jIj Aj^^ajI c_aLu^jV1 

. J:uJ j JalUJl SjSb Jl lj&* a1±u*1\ SjUVI J^j j^i ±j* J^ij 



( jjUJ) Jaj^t IjjiAJ ^ajjjg LtajijjlAJ^LH^jj! 




R 




N 



TR1 




R 



R 






C 



C 



R 




( 13-2) Ji4 



TR2 




R 



vcc- 



MiJl 



c 



vcc+ 



4iU <> J£ ^LL» ^Ui! JJjiij Jja^ J ^! (12-2 ) JLA ^i AgfJt 4LLJI 6>UI o-aj 

ci,C2,C3,C4 ^u^i jj> ^ i+ig&u ji>j! <Q^t ^ ^ tf jasa j ^i^i 






- : Power Amplifiers U^l ,^W S jjijt CjI >il« 4-2 

l*!* ^jJ&VJ S j^Vi <J (>al jfri S^ ^ Sj^ill Cj! j£* fWWij ( P = I . V ) 



4x*j>UuUl]| S^A-V' /ffS Sjj^U-A <C*LuuJI J^IjujJj CJji>^\1 ; <Jui^ 4j^.^}A ,Jj ( jA\ LJJ\ ^J&aW 



a1^jA\ cj! jA* l^icj ( A. F power Amplifiers ) AjjuuJI cJ^jill jLkj Jo J^uj 



• ( R . F power Amplifiers ) yUll 

. Jdi^ull S*li£j 4il£i]|j 

I^jL ( m >JL? W >j^j ) *j^ s j^ *jW ( efficiency ) J^sll **li£ ^J>j*jj 



p 

r ac 



m = 



P 



dc 



^_2k c_J^)jJa (Jj-alA. ^j-o r dc ^> < ^^l ^fl a Si J AjJJlHI ^).Ll^a ^d 4Sig*i>n<ftU a^pUl ( a \\ > it's j^jfLojj 



ajJAjl CjI j jIjuj^jI j£] j.'U.o.oiil IJlA (j^a L-Jj^ >>i^ll jAiubftll jliul ^-^J VCC Aj^iull j^- ^ A 



Single Ended power Amplifiers AjI^I SjjLj SjjSII cj! jA*- ^ 



Push - pull power Amplifiers m^j £$^ ^^ lySW cj! j£*- Y 
Complementary Push pull power <^*^1 m^j £^ ^^ " b j^ cj! jjLa- V 

. Amplifiers 



-i^lfriM 4£>Sjii.j£4- l 



vcc 



T 



Ri 

Ci 



Vi 




R2 




R 



( 14-2)c&i 






SjjIjijI &J1A (JLg Sfrli£ (J^J • ^^^ U^ A^ L>^^ SjLujV (J*l£ C5^J^ O^-^ ^^-^ Jj^^s ll 



^iLauill ^-^JU Aj^iUll ^jAksiA <j^ J^i^ jl^ <■ J^ ujJ LgJI (^i ( a) 50 JJ^?-^ V I 4 Jai^La 






^illjJlj ggjjj ^UaL Sjjflj gjj^ - r 



Tl 



v. 

▼ in T 



Ri 



R 



:: 



TRl 




vr.r. 



TR2 



Tl 




Rt 



(15-2) J^i 



lUu JA\ S j Jill J\j± ^J^Ui £ aA^\ SjjiJ! Sj^ll CjI jjI* ljjjc ^^b jj ^ 



JUIUj J ji .Vill jj£! i*li& Jc Jj.^ll ^ij ( Push - pull) ukJIj ^1 e Lkb 

£&J f U^j SjJ jAJ SjSb ( 15 - 2 ) J^ c^jjj • J' ^i? ^ £> *j^ 
±i+jj\ i g.^ill ^k J^LulU TR2 < TR1 jljjl^jjij^l cUj SjMI oIa ^j 



£ £ 



JaSa J^VI ciju^l j^Sij *j!j TR1 jjJjjjjjIjjII jl ^1 . (Ji.^11 SjL2^ L_llLaill t L^alllj 

TR2 jjS^jpl jj]| ^jL Uiij ( Tl J^l Jj^* Jo Ujjj^ ^ ) cikJ SjUj j* 

• T2 ^-^Jl uj^^ u^-^ Cy* u^^N ( 1 a^jjj^S pj^-G 1 *J^ Sj^S ^-Ij^j 
( class B power Amplifiers ) 4J <L±h\\ ^ SjjSM cj! jA* : Jala SjLSVI 



^^jojj CjjJl^ L_ila^jl ,-jIjj j jIjuj^jI jj]| A^Vh>n ,-HjI l_j Alilall ^ja SjJliO! di!^)i^ U 




♦♦ #*• 



-u*l\ 11a ^^ j£-6j jilj . ( Crossover distortion ) ^ jaJI a^j* JUi ^ L5 ^oij 

. S^)-u£ ?r^)^ ^j^ cs"^ uj'^^ » ^ 



3JUJ! »^A J IV SjAT-^a ASLaaII a^JI Sj^i jl J] ^JJj Lui £^J] ( j r LHl aLIs 



: !j*J2l\ uJ4.) friill fUal SjjSjl Ct) >£* -3 



Ri 





C 



( 16-2) J&d 



:: 



•• * 



<j* &JJ1JJ! (J 



\A\ 







^yutnll ukllj ^\ f lkb Sj^i jA^ SjSb ^ajj ( 16 - 2 ) J^ 



c^ 



iVI 



£> u£ JaliSM ^ ^ Driver jaU£ lUu PNP £jj <> TR1 j>*-j3l J3- ) 

. £ jiJ! Ak^ <iil:£j ( Ja.J ) ^^1 ^JA\ ji£j Al^jA 

jjioijj! Jill <> jj£jj Complementary ^Ijj SjSb j& SjIj& ^aj £j±JI SjSb- X 
) a^j^ jX^u NPN £ jsM c> TR3 jj^Jj! jtflj PNP £y ^> jAj TR2 

( Class A . B 



TR 3 c TR2 jjjjl^jjljiil c^AJi £> cjLjII* ^ R7 * R6 <jtl.jtiu]!- ° 

^LVt jW)0 TR3 jjl-j3l Jill s^til ^ t5 >^ u^^ R3 4 R5 (jtkjtfJ!- ^ 



CMJ^ 



. CI > <»* J 

S^ta J) llbjlj TR2 jjl^jjl Jill sjft\S J) Sj^La TR1 Cj^JI jaU £> JaLu- Y 
:^Vl d^j SjLiyi U . .n AJU ^j R3 ^jULII jjjL <jc TR3 j JLu, jal Jill 
j jLui jj| Jill L»l (^IaI djU^Jl (jV TR2 j jlui jjl Jill ci-a*j c_jl^.j>J1 ajajaSI <. L^aj J!>Ll — I 

. TR2 ^ £> ^Ua jjSj ^lllj Ijnfe O 1 ^^ ^^ uV J**» 3li TR3 

I ajjj llui^c jladA ajV lWs *^ TR2 jjluijjl Jill <jli AjILuJI <L1jJi1I < c.vi J!^k ^ — l_j 

^j j^jj TR3 jji^jjl Jill ^ ^ ^k dlliA jjlja ^UVI t>jh^ J**j TR3 jji^jjl Jill 

. Ajjjj^all AjAj^II ,-A^aJ J;i^i 

-: cj) jjA4Jt 

. £jaJI CjYj^* iiH^j lS^^I CjVj^» <jc *L»lyiVI fJJ Ail dip. cJq1I£j]| j^aik- ^ 

. Jjiall (Jj^Ic- (jC- fr UkIloV I — V 



-: ai.ijuu ( sjs,>jB ) <uiu jyaa 5-2 

jl jtjJ dul£ pljjoi ^r^kJi Sjl^j] LP jl ^3^" P^J^ J* ^ J^^il /ffi A-iiikj| AjJlilllj Jjju^aixill 







- : ( Positive Feed back ) h*>. ** hm Kj&& \ 



- » 



£>J1A ji-l^JjaU 



-: ( Negative Feed back ) 4-^lui 4-iill 4j &- t 

f 4_a.j]| AjjI J J JJ-^ (_y&£>j filajVl <jji£c< ^ jlij j! .Ig-a. s-I^cjuj S^jj-<uI SjLaiVI <— ijl£ li] 

: JJ ^alaJI 4jjiii]| j^|j^ ^£ ^ ( ^ Jjj 



*• * 



: L J.fll L > <W«3 ^gJj Mli AjJiS - r 



Ja. J 6jU] £A Jij^i ^ Ajak 4j^ J^»J^J £ J^l ^ C> * j* *Jt AJLjJa!! ^ ^J 



d^jUl 6^A (jAx^ajJ Aij^)ia ( 17 — 2 ) (J^ 1 P^-^J^J • ( "Sr^J^ ^J L *° ) ^J*-^' ^JiA ^_ajujJj 



Ala.^)>aj (Ja.J ^-a£ 4_La ^3^" J' J^ ,~ ^"'""J j AjjoiLoiV) Ala.^)>ciJI TT^ja. l^a I y O I ^ 



li 



A ) > A^L-V! Akj^ll j^j ( Vs ) ja jiiJI j! ja^]} ^, J SjLiVI ^j ( Vi ) 

. ( B ) ^ <iiLkJ! Aj^I <i^ J ^LkJI 2u^ul! aI^j* j^ U ( 

Rs 

— MAA 



Vi 



© 



v f 




(17-2 J^) 



(Jj-uaj!l]l l^A 4-L^)JaJ 4 JUG* S^)j|j I 18 — 2 ) (J$^ ^LjJajJj 



>CC+ 



VW^-r 





IA7C 







V 



( 18-2) J&fi 

( aJljUl A , U , al l ) SjikJI 2uiiill aL JJ U*c i Jb 



♦• ♦ 



: & jt .0 J& lUa.^ ■^^ 4-^ 4-?^ -m 



Jk^l ajUij £* (j JjJ Jfr 4->£k. 4ji*j£ J^>J^J £ J^ -^ t> * j^ ^JJ ^SJjiall aJA ^j 



(JjA^jall I^A <SJ^)ia f 19 — 2 1 (J^ 1 r^-^J^J • ( *SO'J^° 4_uaJtjJa I AjL^JI &JA ,-AjuiJj 




R 





( 19-2) J&d 



Cf 



R s 

WW — 4 




c 



(20- 2J^) 




vs 



V 



R 



C 



«• ♦ 



; L J,tf» L J& AJMAi^- <bj*-g 



JaJI ajU) £* JljSM J& A^ ^J^ J^J^J £ J^ J^ C> * J^ ^ AijjJall *^> 4^J 



Aijjial! &J1A (J-U-^jj AlijJa (21 ~~ 2 ) cPjuj ^uJajjj ( A-illjl^ 4^jLu ) AjI^jI a^A 



Rs 

VW\A 



LS 



XjuD o 



vs 



V, 



V, 




Io 



Io 




( 21 - 2 ) J^i, 



R, 



I <Jjjuaj!i]| I^A Aij^)laJ 4_iLaC 6^1^ ( 22 — 2 ) (J^ 1 f' Lju ' a J^J 



VCC + 



Rs 

W\AA 



VS 



R 



B 




c 



c 



V 



( 22 - 2 ) Ji^ 



*♦ ♦ 



: * 31. <M L > jUm Ml* ^>& zj 



Ja.^1 SjUl £* ^ jljpll Jfr 4ijLk 4j^x& J^JJJ £ J^ jL£ (> * ,> ^JJ 3iLj3a]! 6J1A ^j 



. <L^)ia]| 6^A (JJj-^ajJ Aij^)Ja f 23 — 2 ) (J^ 1 r" LjL -' a J^J • ( ^ij^J^ 'SU^P ) ^-J<-^ 6 ^ 



>OjuL) o 



I 




R 



S 







Io 



I 





( 23 - 2 ) J&fi 



( 24 -2 ) JLi j^a jjj 



VCC + 




C 



C 



V„ 



( 24 - 2 ) Jti 



- : wS« j£- 4JSuA\ *4ttJ 4-iJ^fl >&■ 

*4&M |_p* • » * •* -^ i * 



0\ Ul ^^ ( 17 -2 ) JLil! o- 



Vo 



A 



Vi 



Vo = AVi (1 



V 



B 



V 







Vf = B Vo 



Vf = A B Vi 



Vs = Vi + Vf 



Vs = Vi + AB Vi 
= Vi ( 1 + AB ) 



Vo 



A 



FB 



Vs 



Vo 



A 



FB 



Vi ( 1 + AB ) 



(2 



(3 



(4 



(6 



(5 






yill 4_^ <A^ 



Uk ^i«JI ^J! 



■aj&->l\ 4*1*11 Atal*.*] 



4 t 3 ^jiil^UJl ^ 



AjftaJ ^i^ul! 






i&fl 



6 t 5 <j£tal*-JI (> 







l 



J^LJ! Jc. 



( 1 + AB ) 



^jUI c& 4^180 a^j 4jj!j Jmu jAA] : jl d 






4j1L- A jl <^l £ jaJI j Ja^l 



1 



1+AB 



1 
1-AB 



1 - AB = o U^ic - ^r 



- : ujl\ jUaili J* j* Js. U\^l\ h*lil\ 2utel\ Jt 

^j*] ^jJI ^Ji\\j ( FL ) jUaill q^jxI a >yfr\A\ uj&\ x& ( 3db ) JSL* JL ^Ml 

. ( FH ) Jllrfl 

AjjoiJ JjJ^ ^j (iUi (^Jjj TT^pJl ^-^ (J^ ( B ) Aj,uUJ A-iilk AjJjlaj J^<^ c£*^ l^lifrj 



L^aVI J^*S1 UJ^ <£jLLa 4£>bu J;jijJ jAaII ^ J£^ ^f*-^J J Aj£ iS^ ^^ J&^ 



^jj]| He a^j^aJl AJajujjlall 4-ajill <j-a ( 3 db ) UjI^Lj tjm^l) 4jjoiJ jl^Lu ^paikJJj 



F 



L 



Fl ( FB ) 



F H ( fb) = F h (1+AB) 



1 + AB 



ai^uii j> ^j^ji ^jj j j jili j 



.A 



F 



A 




A 



FB 



LFB 



F 



F 



( 25 — 2 ) J^j^ll (ja ^ r > b-u j 




H 



F 



HFB 



(25-2) jiA 



: Ajj^I ^ <Ut«J! A^ittJt 4j&tfi Jti 



: ^ ^llil Sj^JI aSUI! jj^j . yUl Ajjbull f\mJ £* j&aU ^i <jj^I J* 



D 



D 



(FB ) 



1 +AB 



: ^ U£ 4£%tl\ 6Jia cjIjjI o^)j 



D 



Vo = AVi + D 



Vs = Vi + Vf 

Vi = Vs + Vf 

Vo = A(Vs-Vf) + D 

= A ( Vs - B Vo ) + D 

= AVs-ABVo + D 

Vo + A B Vo = AVs + D 

Vo ( 1 + AB ) = AVs + D 



4jjJ£]| ^^ Vd 



£jJi ^ Vo 



*♦ # 



u\^ aj*i*i\ A^m] jU^Lj 



A 



Vo = 



Vs + 



1+ AB 



Vo = A 



(FB ) 



Vs + D 



(FB ) 



D 



1+AB 



: aALJ\ a^Uti aj^uJI ^u Aj^oII JS&* jA ( D ( fb ) ^ 



11 



: g £fl.« J&jjj (&*** L J& Ul*l\ *j*M htel\ ^ 



fr UU\ kA*l\ 4jJ^I ±Ji dlj^ £ jaJlj J^jJl ^jU-a Jc A^UI AjilaJ! 4^1 Jj£ 



-: AiiVI CjIS^UII A^ubjj l^j £ jaJI Aijl*^ c> J&j j^ cMI ^j^ 



Zi ( FB ) = ( 1 + A B ) 

Zo 

Zo ( FB ) = 



1+AB 



<J 



' M LJl 



Zi ( FB ) = AjikH ^tSM *u J* J ^jUl^ 
Zo ( FB )= Ajikll Aj^uII ^u c >]| 4ijU» 



-: L Jb Ui jAaJI L «te <UUJt <LiiaJl <U&dt >4b lj^Jj i£*j .9 

jA^B ^ jiJl ^U* ^ J]£ aJU! 2uiliJj Aji^ 



— o 



OPERATIONOL 




I >4^I)cjU*]) ^(6-2) 

: AMPLIFIERS 



(—1 



joi£j| CjIJ (J^I^aII S.H*2a t"it j<<^» ^j^ ^al^. p jj jA (JjULaxli ^£-« jl ^'J* u\\\\ jf\<\\\ 



Cj' 



(JjAj ^1 j JjujU^jI -Jaj^JI Aij^iaJ AJjl^Lcj AjSIxILa (J^.1^ S^C qa \j^ ^» j^^\l (jj^jjj 
pl^j) (j& j^^li J^^J TtjJajj ^JIjI <Jjlri^l) djli-L^allj ^j-al^kJl (J^axJ ^ run (J^l^al) 



c^ 



Lo , nir nnli j^^ll (j-oJLuixkj CjlL^a (J^J • AjJuuI CjI j^^ll 



( J^ 100 ^ U ^1 Sj* 100000 ^j^ ^ ) ^J! ^ IV Jlc l^- ) 






4JU ^ jillij ^j! jL£ 100 ^j^ ^ uj^j V ^^ Rin ci^ 3-ajII*- X 



p\mJ 3JU ^ ^jl Ua^ 10 ^j^ ^ UJ^JJ S- 1 ^ 4jj^ ^Ijj^jjIjm 



( FET ) FIELD EFFECT TRONSISTORS JU-M j#t 






£ S- 



. JSI jl ^jl 50 Jj^Ai ^ OJ^J ^V AjJaia^-a R OUT £ J^ 4-*jl£«» — V 



-Ujoij (iUij jaLolaI! JL0 ^J^ <£* ^V ^aikiAll (JjI^jjII J^J J& Sj^Sil - £ 









Xa^ 






. aiiu ^i^i a]5j ^i 



O^J~£ 



Inverting 
Input 



+ ♦ 



Non- 
Inverting 
Input 



Vcc 



:'"———. Vc 



*♦ # 



Diff. 
Amp 




Voltge . 
Amp 



LjMjM^ 




( 26 - 2 ) JiA 



u - 



Cjli-L^a 41 j&a <jfr Sjuo 4±^.^g (j£ — (J^.l^i 4j!)u qa Iajx>£* , hir unll 




i o 




^ g^jill iiA Jllojj ( Differential amplifier ) ^3ji jA* ^ Sjt^ : JjVl *k.j*M 



qa 4jjj£]| CjIjJjjII ^1^ (Jj^aj AjuJ j 4jJJjj AjL^JjojIj 4^1^ (J^J "Lajlla 4J 4itj dal Ji^*i 



J- 






juLaJI 4_ull 



J 



JJ Jx^»j Jlc t_±u£ jj ( Voltage amplifier ) ^ j&* jc. s jU& : AjjIj]) <k.jJI 

. JjkJzS\ jA^il J£ll j^SsM <J^ J**i *kjJ 6 ^j . Sj- 100.000 
J "t>jp-m ^jL A-ajll<» jj ( power amplifier ) ijSs jA* jc djLc ^ : &M aKj^JI 

. ( Emitter Follower ) £>1j d^L jj> jjlu, jjl jj SjSb 

J£ ZA\ fc-^ajJj . diljS 15 ^J^^. (j* \<\d'\A j£ jl^laj "VCC L-illui J^-Vlj +VCC <-J^j-a 



is ^ J (-) a^L j^ JjV! cMt : u^ a] d^ J^l j£J| >j ( I 27-2 ) 
jjjill JaJL ^^oijj ( + ) <x!^*]Ij j^ ^jIjII J^JIj ( inverting input ) q&\*1\ J^A 

( Non - inverting input ) q&\*1\ 



(J£ uilL TnuJa^a ^A Lo£ Aj,^!]) jJjL^a^ C-fll^)Jal ^cJjJajJ (JJ^J is y* uuJ) j^^ll LL^.1 ^gjjj 

• ( v 27 - 2 ) 



Inverting 
input — 



Non- 
Inverting 
input 




Inverting 
i nput 



(27- 



Non- 

Inverting 

input 

2) JlA 



Vcc 




J^l£> 



p 



LI ( A^Lill ) jl^Jl 4^^Ji s^ftUlL j ^jVL J^jj ^fcll Jii UijL jli l*a ^1 j 

. ( IksJi j^ ) j&Ji u jl. jc tiuj jikj ls ( j^j 






Lxj^oJI u^il 



i^r * 



£ J*- • i «* csr 3 ^■J u ^ 



b 



^Sl (ji L*£ A^ULjJ A^lxk S JjA-aJ ^llXjaOjl 



La S^tcj . duj3 15 = ^J^ eg* iS^ ( ^><^^ AjJliUll jAts-tA \ jL^jVI ^-^ (J^ (Jsl cl)J^ 



^ jj^ 






c 



) JjLfcill L-l^UJI ^ ^Ijolij jll L^jUa JL *j£j 4UVi ^l iillj 



LxjuUjI \&a\\ CjLiiLj 



Jf 



*•♦ 



_: is*J ( Analog computer 

( inverting Amplifier ) { *^&c> >&* - 1 






( Non - inverting Amplifier ) (Jf ^lp >£ >4* - 2 

: ( Summer ) g-*aJt -3 

: ( Subtracter ) g jkjt -4 

: ( Multiplier / Divider ) jUujytj u.^1 -5 



: ( Integrator ) lU^\ -6 

. (J^-Jul SjuuiJ (J^l^J jA ^r^pJl (jjfLj 

( Differentiator ^ A±\M\ - 7 



. (J^.Jil! Sjuij (JjJalij jA r-^iji ,Jj£jj 

( Analog Computer ) 4-iLaliat crtix^ JaJ L ^U m^U -8 






I 



F 



: t-tjjgUjj »lafl- 1 



I 



in 



Vi 



R 



F 



R 



r.Nn 




Vo 




( 28 - 2 ) J&d 



ij\ . aJUaI (jS-j -uajL jjj j^aJI jja jli l*.ia. j^ j$a. <_iu& aJ U . Wi t 







Cai 



*-£& jjill cikJ ajoijj ( -V^j S U&ll ) ^-u&JI lMI ^ u* ^?JI cija u> 



(V+) -( V-) = (1 Sl^ j^u ( V + )= zero J12L U^j (^jVL U^ ) 



jL^U U^a. Jjjj £n^ ( virtual ground ) <jjaIL La J IgiL S aL&II <jc JUj 111 

^]fi, jj\i 4i£]j J^^ll ^jLuU Lajjj &*^£-^ (^^11 ^^Iji^Jl ^^JubjVl (J^*-j J^H ^^ "i* V l^i^l J 

. jj£ L^» jL ^1 l,^^ 

^ 2J^| ^ AkU cjI jLull ^^^ ) S *Lfcll .tic CjI jLull U^jjS jjjIS j;;K*j 

Iin + Ii + I f = — (2) :^>J^ 



* ♦♦ 

SjL.1 jU jli 4_ik ^Ujj jL^li LjjLix ojliicl <j£*j Ij U, frill j£Jl J^UI jLSlI jli 111 

dL^VI ^ 6^Lbj j jl^Lall ^ If 3j».£t1I AjIxjI! jUj c^jLlj I in Ji.^11 

Iin=-If. (4) 

Sl jLuij (a^jHaI! Jc L^iL ji^JI jji lSjLj jLull ) I f , I in jjjtnll j* ^ ^^Hj 

: Ju L£ SjjIjII ^aJI ^i l_lu£1I ^k Jj.^ti h;<*j aLU^II ^Jh 

** ** ** 

Vi-V 

Iin = (4) 

Rl 

V -V + 

If = (5) 

Rf 
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^jj| ^ij^iajl a^jLLo <L^)iaj ^ii^tc j^iJl ji^^n Ag-^JI ^a i jniMJ l-jLoi^. ,j£-ajj SjLiVI 
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S^)jujLi^ ^r^kJu (J-iiuaall ^}^a (J^^J ^joSulJI 

U j^j ^jJ&V! jSl jJ ^ (BUffer ) JjU£ SjSl^l *:* f ^l^ JttLj ( jL^M ^jlS) 
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Il+I2+I3+Ii+If= - (1) 



:^clij ^LIslaII (j-ajVI c_i^)iai] If jIaaM (J^J II <■ ^Aa>Jj jix^all <_£jLuij 



I1+I2+I3 = - It - (2) 
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(2) *hl*JI ^ (4) 1 (3) ^Vi*JI c> u±tj*^j 
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( V1+ V2+V3) — (5) V 
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Vo= - ( V1+V2+V3) — - (6) 
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4Jl — (JA^jaull jLg-^ — (JjQ V^" (JLg Sjuii j^La^s S^fr ^<a CJ!^)Lil <C*j^ ^ l£J Jali 
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udUJl oji ^ u**i 



. jjldujjIjSlL Ja*j iaj^u j^la SjjIj f**jJi j^ ^j^il ^j . j^IaII <Jj^ : 1<j* 



>**" 




( I ) 4aj.1i jjiwjjjjili I4J Ja*j AjI^I Jjia SjiS jjla S>b ^yijll j^ £^£l : 



. 1$j) jjaa jSi fr* dij^l 



t$j| jjiAA j£j £* (jxJZ&j v^lj ji^l fUaL SjjS jjIa SjjIj ^«ij1I j-ft £j^l : 



Oo- 



iajjlj 4J&jjk ^3^3 ^j^J £*& ^J^J M^H f^J^W ^^ IkJaj^ £>uil :9o* 

j£ J^p K^j^a /JUil JJj^l £f$j^A MJauiljj iajjll ^j^ ?c-uajj SjjIj >wjl : 

. MJUjI! iajj^l >^J^ i^wiljj lajj^l ^J^ f-^J^W ^^ U-uaj^i Tj^ 1 ^ •14o« 
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9o- 



2)JJj 4jjj Jjii! IkJa^A . (J ^SUii jj£*Ji JaC- 4£jj^ f*-j*W ^^! ta^>» £j^ :21o< 

. CjIjL^U j-aUS ^jijiAttl j£a1\ ^JS £a £j£\ : 22<j- 

4-ajLL^I tlutS <Lu-uiIlj ujj^ai! CjUIaf' ^ A^Vmg ^ui£l^ JJuSu jjLa SjjU ^ : 23o* 

. ^ jl U-w 1 j jLwj R f 
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Ji^SL &*y& ^Uil jjS-U Vo £ jaJI J$* Lu&l : 24o- 
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. <UliJI Aj^I £\ji\ ^U-l :25o- 



<$.Mj3ll Jlkttt <j^ ^1p <AjjA\ 4\i\\\\ 4j&tfl jjfo ^yijtt £* £j^l -41 
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. 4JUJI AjiliJi Aj^xjI! Cj! jm yAU-l: 26o- 



. ij^uii yte iJUii ijAiiJi ^kifl j^u c ^i -41 



